One of the tools used within the effort of developing new quantitative scientometric tools, reliable to be used for ranking academic/research unities is the bibliometric analysis of the scientific production from discrete geographical regions on a certain scientific topic. These analyses apply the so-called bibliometric methods. In the present work, the research output of all countries in Southeastern Europe (SEE) on the scientific topic of thermal spray coatings is presented by using bibliometric indices such as the total number of publications and citations as well as the h-index and the average number of citations per publication. Analysis spans the last ten years and the required scientific data in order to calculate the bibliometric indices were retrieved using the Scopus ® scientific database.
INTRODUCTION
Bibliometrics is the research methodology which helps to analyze current trends in the literature regarding a particular area and provides guidelines and motivations for future research work. It basically provides a general outline and overall structure of the research area [1] whilst an accurate definition of bibliometric study has been given by Broadus [2] .
Bibliometrics as a research area has received tremendous attention from the scientific fraternity in recent times. Bibliometrics is now identified as an efficient technique to build a general outline of a certain scientific research field. There has been a rapid development in the field of bibliometrics in recent times attributing to social developments significantly gaining from the advancement of the internet and computers. Bibliometrics therefore gives a "total" view of scientific activity. It basically is a part of library and information science, but it has been extensively used in numerous other research areas [3, 4] . In addition, bibliometrics constitute now a tool which may be easily scaled from micro (faculty member or individual researcher) to macro (world) level [5] . Typically, bibliometric studies can be classified into subject specific, see for example [1, [6] [7] [8] , journal specific, see for example [3, 9, 10] and/or geographical district specific, see for example [11] [12] [13] [14] . A combined, subject and district specific type is also commonly found, see for example [15] [16] [17] [18] [19] [20] [21] .
From an overview of the relative scientific literature it can be concluded that, in recent years there has been a noticeable number of articles focusing on the scientific production from discrete geographical regions on a certain scientific topic. As far as the countries of Southeastern Europe (SEE)* are concerned bibliometric studies of scientific disciplines are rather limited [16, 21] .
This work presents the research output of the countries in SEE on the scientific topic of thermal spray coatings by examining bibliometric indices like the total number of publications and citations, h-index and the average number of citations per publication. Analysis spans the last ten years and the required scientific data in order to compute the bibliometric indices were retrieved from Scopus ® . This study is a follow-up on a similar work concerning the scientific field of tribology [16] . Note that the fundamentals and the current status of plasma spray techniques are not discussed here; see for an overview [22] .
Evaluation of the scientific research, performed by Higher Education Institutions (HEIs), is currently obligatory in several SEE countries adhering to the European initiatives for a European Higher Education Area (Bologna process and Bergen report) [23, 24] .
BIBLIOMETRIC INDICES
Selecting the suitable bibliometric indices is essential for the reliable presentation, as well as, the evaluation of research by bibliometrics. It has been argued that "…at all level of evaluation no indicator should be taken in isolation. A series of indicators representing the different facets of scientific activity should be employed…" [25] . The indices selected in this work refer to four research elements: productivity; impact; efficiency; and hybrid (productivity + impact). The same philosophy was adopted in some recent contributions [14, 21, 24] . Under this viewpoint, the following bibliometric indices were initially monitored:
Productivity
• P: Total number of publications (on country level) in the given time-period. • P y : Total number of publications (on country level) during a year. • P av : Average number of publications per year (on country level) in the given time-period.
Impact
• C: Total number of citations excluding selfcitations (on country level) in the given timeperiod. • C s : Total number of citations with self-citations (on country level) in the given time-period.
Efficiency
• c av : Average number of citations per publication (on country level), excluding self-citations (C/P). • c avs : Average number of citations per publication (on country level), including self-citations (C s /P).
Hybrid (productivity + impact)
• h-index (on country level), excluding selfcitations, i.e. considering P and C of a country as the outcome of a sole researcher. • h s -index (h-index on country level), taking into account self-citations).
Indices P and P y may be considered as a metric for the scientific magnitude of a country. However, scientific magnitude differs from scientific strength as it is mentioned elsewhere [26] . Another standard indicator is the total number of citations (C) received by these P publications in the examined period.
The average number of citations per publication is calculated on the basis of the total number of publications (P) and citations within the given timeperiod. This measure, corresponding to citations per publication, is deployed as an indicator of efficiency [14] or as an impact index [26] . This measure may be computed either by excluding or by including selfcitations to assess the effect of self-citations on the publication profile of national research.
The h-index was introduced in 2005 by Hirsch [27] , combining the measure of quantity and impact of the scientific output of a researcher in a single index. According to Hirsch, "a scientist has index h if h of his or her N p papers have at least h citations each and the other (N ph) papers have ≤ h citations each". The scientific community has accepted this indicator, as shown by the vast number of publications on the topic and its adoption by Nature and Science [14] . Detailed analysis of the h-index and the h-type indices for evaluating scientific research performance is given elsewhere [25] .
A crucial problem arisen after monitoring measures such as P and/or c av is how to characterize a certain number of publications or citations per publication as low or high. On the basis of experience and the already published relevant research articles it is believed that the most appropriate method is the field-based normalization [28] .
METHODOLOGY
Web of Science (WoS), which is a part of Clarivate Analytics ® (https://clarivate.com) is considered the dominant of multidisciplinary citation indexes. Nevertheless, since 2004 two other alternatives are also available: Scopus ® (http://www.scopus.com) and Google Scholar ® (http://scholar.google.com). The former has been developed by Elsevier and comes with its own registration policy whilst the latter provides free access. The comparison between these two important databases falls outside of this work's main objectives, since it has already been addressed elsewhere [29] .
To enable the robust calculation of the bibliometric indices by collecting scientific data per each country, the Scopus ® research data base was considered. Its selection was based on previous suggestions [14, 16, 20] , as well as, preliminary case studies referring to the current scientific topic studied in this work. Scopus ® involves certain characteristics allowing for the enhanced service, when it comes to educational and academic needs, engineering literature research and bibliometric analysis. In addition Scopus ® provides almost 100 % "engineering" coverage.
Combined searching criteria are presented in the following scheme that includes not only the keywords proposed, but also the hierarchical order in which they should be inserted in the searching machine:
[(coating*) 1 AND (country) 2 ] AND [(plasma spray*) 1 OR (thermal spray*) 1 OR (HVOF) 1 ]
where term: 1 refer to the classification "Article title, Abstract, Keywords" and 2 refer to the classification "Affiliation". The asterisk at the end of some terms is used to overcome the underestimation resulting in by the use of different but equivalent terms, mainly concerning their suffix, i.e. "coating" or "coatings", "plasma spray" or "plasma spraying" or "plasma sprayed".
Trying to describe mathematically the above scheme, the first bracketed term corresponds to the intersection between two main sets (coating*, country), whilst the second one to the union of three subsets concerning the technique applied (thermal spray*, plasma spray*, HVOF); the final result would be the intersection between the above two ( Fig. 1) .
As an example, a snapshot of terms used for the bibliometric search on the scientific productivity in Greece on the specific topic is shown in Figure 2 . Note that each country search was conducted twice by: (i) taking into account the complete research profile of each country with no time limit and (ii) considering only the documents and corresponding references for the last decade (period 2008 -2017) to make comparisons using the same time basis. In this case, the index ''10'' is added to the symbol of each bibliometric index, indicating its correspondence to the last ten years. For comparison purposes search with no time limit was expanded to include some Mediterranean and nearby countries ( Table 1) .
The keywords selection used in this approach is actually the result of an optimization, based on a number of trials. The main question to be answered is focused on the number of articles in referred scientific journals per country, on the specific topic of coatings deposited by thermal spray/-ing (general term) or any of the two most widely used techniques: (a) plasma spraying, in order to obtain, mainly, oxide coatings and (b) HVOF for carbide ones; both types of coatings find applications on the protection of metallic parts against wear, thus the relevant keywords have been considered to be proper attributes to represent the thermal spray coating concept in scientific contributions. Even though one may imagine another approach, the proposed one is definitely a reference point. All data presented in this work were collected from 11 th to 13 th December 2018 and involved scientific work published until the end of 2017.
RESULTS AND DISCUSSION

Trends in publication
Twenty six (26) searches were performed in total; each search was run twice. There was no refinement of the results besides some evident irrelevant entries. Search results obtained are given in Table 1 and Table 2 for indices with no time limit and for last decade's indices, respectively. Table 1 gives the "timeless whole picture" of scientific production from the SEE geographical region about thermal spray coating. The following discussion refers to last decade's bibliometric data (Table 2) , so as to comment on the basis of a determined time-window. Note also, that for the internationally co-authored publications the "whole counting" method was applied, i.e. every country gets full credit for internationally coauthored papers.
Comparison of the sum of publication totals of the first column with the world total indicate the fact that these countries account for only 3.6 % of the literature on thermal spray coatings published worldwide ( Table  2 ). Turkey has the largest publication output of the SEE countries, i.e., 39.3 % of total articles, followed by Word total 20933 n/a n/a n/a n/a 1966 n/a -not available Word total 9510 n/a n/a n/a n/a n/a n/a n/a -not available Romania (32.2 %), Greece (15.1 %) and Serbia (5.9 %). These four countries contribute more than 92 % of the total SEE production on the topic. The variation of paper with year for countries of SEE is presented in Figure 3 . The graphs in this figure reveal no monotonic trend, decrease or increase whilst, the annual total of articles ranges from 26 (2008) to 39 (2009) with an average value of 33.8.
Besides the number of publications P, the total number of citations C, which a scientific body of P articles has received, is usually used as a criterion of the impact of the research under consideration [16] . From Table 2 it is clear that Turkey holds the highest C s10 and C 10 followed in descending order by Greece, Romania and Serbia. These countries account for 93 % approximately of all citations received.
The average number of citations per publication on a country level is considered as an index of the scientific research efficiency. Greece holds the highest index (c av10 = 9.78), followed by Serbia (c av10 = 9.25), Slovenia (c av10 = 9.09) and Turkey (c av10 = 8.05). Thus, it is evident that only these four countries are above the average value of 6.41 calculated for the whole region.
The h-index as it was originally introduced [27] combined in a single, synthetic, indicator a metric for quantity and impact of a researcher's scientific output. In spite of being originally designed to evaluate individual scholars, h-index may also be implemented to other units of analysis, like research teams, university departments, scientific facilities, journals and countries [24, 30, 31] . During present research h-index was estimated on country level, by considering P and C values of a country as the output of a sole researcher; results obtained are tabulated in Table 2. According to  Table 2 Turkey holds the highest h s10 and h 10 followed in descending order by Greece, Romania, and Serbia. A comparison of the results discussed above with similar results concerning other geographical regions, e.g. Scandinavia or EU countries would be of great interest; nevertheless such a comparison is not feasible yet since relative data are not available. Research profiles for a number of countries including Greece and Turkey are discussed elsewhere [26] ; the scientific size (publications) and the scientific strength (standardized citations per publication) of EU-27 member states are presented there as well. It should be mentioned that no international data is available to reliably compare outputs in terms of publications to inputs in terms of number of researchers. Instead, publication output is usually compared to the size of the population in the different countries -although differences in population do not necessarily reflect differences in research efforts [32] .
Some of the noticeable differences among countries in terms of publication output are shown in Tables 1 and  2 whilst they may be attributed to differences in country size and investments in research. For a better insight to research production and impact, a correlation between bibliometric indices to social-economic indices such as population, number of engineering departments in universities, gross domestic product (GDP) and gross domestic expenditure on R&D (GERD) should be conducted. In general, a gross positive relationship between the economic potential of a country and its scientific production is displayed [33] . On the other hand, most of the SEE countries are far from reaching the investment levels of scientifically developed countries in terms of GERD and efforts must be directed towards the increase of this indicator. Bégard M., Bobzin K., Bolelli G., Hujanen A., Lintunen P., Lisjak D., Gyergyek S., Lusvarghi L., Pasquale M., Richardt K., Schläfer T., Varis T., Thermal spraying of Co,Ti-substituted Ba-hexaferrite coatings for electromagnetic wave absorption applications, Surface and Coatings Technology, 203, 20-21, 2009, 3312-3319 27 Lisjak D., Bobzin K., Richardt K., Bégard M., Bolelli G., Lusvarghi L., Hujanen A., Lintunen P., Pasquale M., Olivetti E., Drofenik M., Schläfer T., Preparation of barium hexaferrite coatings using atmospheric plasma spraying, Journal of the European Ceramic Society, 29, 11, 2009 , 2333-2341 22 Slovenia Bobzin K., Bolelli G., Bruehl M., Hujanen A., Lintunen P., Lisjak D., Gyergyek S., Lusvarghi L., Characterisation of plasma-sprayed SrFe 12 
Authorship characteristics
As evident in Table 2 , the present analysis lies on an overall output of almost 340 papers published in journals indexed by Scopus ® , during the period 2008 -2017. These are papers that include at least one author listing an affiliation in one of the SEE countries. While counting the papers it is observed that, in average, more than 80 % of the total number of papers comes from universities. This suggests that thermal spray coatings research in SEE countries is performed mainly in universities and public research institutions associated to higher education organizations; private research centers and industry seem to have marginal contribution and participation.
Moreover, as it is expected for a multi-disciplinary scientific topic such as thermal spraying, the vast majority of published articles have been co-authored.
In Table 3 , the most prolific authors in the field in each of SEE counties are presented. A threshold of P 10 ≥ 3 resulted in a number of 16 scientists from 6 different countries. Note that P 10 values in Table 3 refer to thermal spray coatings papers only; the overall output of an author might be even greater.
In Table 4 the most cited articles on the topic in each of SEE counties are presented. Three articles at maximum from each country were included provided that the article received at least 5 citations.
Another essential aspect to be investigated is the "journal preference". Scientists' selection of journals for publication has always been an important attribute of their publication activity. In thermal spray coatings, as in most other fields such as engineering and/or materials science, hundreds of journals of different levels of readership are available in Scopus ® . These journals have been ranked according to their readership and scientific influence levels as measured by their IPP (impact per publication) [1] and SJR (SCImago Journal Rank) indicators. It is worth of mentioning that SJR indicator based on Scopus ® is a free journal metric and provides an alternative to the impact factor (IF) which is based on data from the Science Citation Index [34] . Table 5 presents information about the most preferred journals for publication by scholars from SEE countries. Three journals, at maximum, for each country were included, provided that more than one article was published in the journal. Different patterns of preference are identified from different countries; in some cases preference is strongly influenced by the nationality of the editing company of a journal.
International scientific collaboration
It has been shown that there is an increasing international scientific collaboration in many disciplines [13, 26] . Furthermore, the growing share of internationally coauthored papers involves an increasing number of countries. Table 6 refers to international collaboration within the SEE counties. For each country the three countries with the highest number of common papers are presented. The percentage of international publications is for all countries quite high; yet, no other considerable "internal" collaboration among the SEE countries is identified. 
Country (P10)
Collaboration country (P10) Bulgaria (7) Switzerland (2) Poland (1) Serbia (1) Croatia (7) Belgium (1) Slovakia (1) Greece (51) Belgium (4) Italy (4) UK (4) Romania (109) Germany (17) Finland (7) France (6) Serbia (20) 8 countries with 1 common paper with each Slovenia (11) Finland (8) Italy (8) Germany (7) Turkey (133) Japan (6) Germany (5) Iran (4) The share of internationally collaborative publications in the overall scientific output of a country can be considered as first indication of the extent to which researchers in a country cooperate with colleagues outside their own country. This indicator can be seen as a measure of the international orientation of a country. On the other hand the complementary percentage, i.e. the share of non-internationally collaborative publications, is an indicator of the size of a country's own scientific basis and of its "scientific independence" [26] .
General remarks and limitations
Bibliometric indicators are increasingly being used as a tool for research performance monitoring and/or evaluation. Bibliometric methods are quantitative by nature, but are used to make pronouncements about qualitative features [5, 14] . The authors are aware of the fact that the use of bibliometric techniques to assess the publication efforts of scholars is far from not being controversial. They know that there is a burgeoning debate about the convenience of the use of citation indicators; the limitations and undesirable effects of the citation system are described elsewhere [35] . Moreover, they wish to emphasize the fact that publication-related activities is only one output in the knowledge transfer process of Higher Education Institutions (HEIs) [36] . However, they do believe that, in spite of the inherent limitations of bibliometrics, the viability of the adopted method for monitoring the scientific performance is quite effective, especially when limited resources are available.
CONCLUSIONS
In this study, bibliometric indices were used for describing the scientific activity on the topic of thermal spray coatings in the 11 Southeastern Europe countries during the last decade. Based on the authors' knowledge, this is the first article to analyze the quantity and quality of thermal spray-related research from this region. The research output is presented by using indices such as the total number of publications and citations, as well as, the h-index and the average number of citations per publication.
The total number of publications found in Scopus ® between 2008 and 2017 is 338. Turkey has the largest publication output, i.e. 39.3 %, followed by Romania (32.2 %), Greece (15.1 %) and Serbia (5.9 %).
For the efficiency and the research impact, as these parameters are dictated by the average number of citations per publication on country level, Greece possesses the highest index (c av10 = 9.78) followed by Serbia (c av10 = 9.25), Slovenia (c av10 = 9.09) and Turkey (c av10 = 8.05). Only these four countries are above the average value of 6.5 calculated for the whole region. 
